Demyelinating optic neuritis (ON) is the most common cause of optic neuropathy typically presenting with a subacute painful visual loss. In 20% of patients with multiple sclerosis (MS), ON is the presenting symptom and half of the patients with isolated ON develop MS within 15 years. The diagnosis of ON plays an important role in neurological practice. A correct and early diagnosis is necessary to ensure optimal further investigations and treatment. Other causes of optic neuropathies such as connective tissue disorders, infectious diseases, tumours or ischaemic neuropathies are less frequent but clinical and therapeutic management can differ dramatically. We present five patients admitted to our hospital with suspected demyelinating ON, but the clinical work up revealed different causes of optic neuropathy. We discuss the differential diagnosis of ON and clinical red flags that require careful diagnostic assessment of other diseases. A workflow for the diagnosis of optic neuropathies is presented.
Introduction
Optic neuritis (ON) is the most common cause of acute unilateral visual loss in young adults having an incidence of 15 in 100,000 per year. Women are more often affected than men with a peak manifestation between the ages of 15 and 49 [Rodriguez et al. 1995; Optic Neuritis Study Group, 1991] .
Patients with ON typically present with the triad of subacute unilateral loss of vision, periocular pain and impaired colour vision. The symptoms usually worsen over the course of a few days to 2 weeks but spontaneously recover in >90% of cases after 23 weeks regardless of steroid treatment. In most patients a relative afferent pupillary defect (RAPD) is obvious, although this is not specific to ON but is present in most optic neuropathies [Balcer, 2006; Optic Neuritis Study Group, 1991 ]. An atypical clinical presentation, e.g. missing pain, a marked visual loss, bilateral visual loss or absence of spontaneous recovery after 23 weeks should always give reason to careful diagnostic search for other differential diagnoses.
In most individuals ON is caused by idiopathic inflammatory demyelination. This may occur as an isolated syndrome or in association with multiple sclerosis (MS) . Approximately 50% of patients with isolated ON develop definite MS within 15 years [Beck et al. 2004; Rodriguez et al. 1995] . The most predictive factor for the development of MS after ON is the presence of asymptomatic demyelinating lesions in the central nervous system (CNS). In the Optic Neuritis Treatment Trial (ONTT) the 5-year risk for definite MS was 52% in those patients with one or more asymptomatic white matter lesions on brain MRI compared with a 5-year risk of only 16% in patients with normal brain MRI [Optic Neuritis Study Group, 1997] .
Nonetheless, inflammatory ON may also be caused by other autoimmune diseases such as sarcoidosis, systemic lupus erythematosus (SLE), Sjö gren's syndrome (SS) or Behçet's disease that require different immunosuppressive long-term therapies compared with MS [Cikes et al. 2008] . Although infectious causes of ON such as herpes Zoster, Lyme disease, syphilis, tuberculosis or toxoplasmosis are rare, they should be kept in mind because a specific treatment regime is required rapidly. Many other conditions such as tumours or ischaemic diseases can also cause an optic neuropathy and clinically mimic idiopathic inflammatory ON [Hickman et al. 2002] . In those cases in particular, in which the patient history reveals atypical clinical aspects for ON, a careful clinical work up is required in order to establish the correct treatment regimen. Furthermore, in those patients with ON with a high risk of developing MS, an early and accurate diagnostic assessment to rule out other causes is necessary to initiate a diseasemodifying treatment [Kappos et al. 2009; Comi et al. 2001 ].
Our case series of patients admitted for suspicious ON demonstrates the spectrum of underlying conditions for acute visual loss. We discuss the differential diagnosis of ON and compile a clinical work up for the assessment of ON.
Patients
We present the history and clinical course of five patients who were admitted to our hospital with suspected ON between 2007 and 2010 (two females, three males). All patients suffered from subacute visual loss. The age range was 2651 years.
All patients underwent general examination, neurological examination and ophthalmological evaluation including measurement of visual acuity, colour vision with an Ishihara pseudoisochromatic plate, visual field, fundoscopy and visual evoked potentials (VEPs). Routine blood tests in patients included serum electrolytes, renal function tests, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), liver enzymes, creatine kinase (CK), glucose, complete blood count (CBC), partial thromboplastin time (PTT), and international normalized ratio (INR). In all patients except case 3, additional blood tests were performed including antinuclear antibodies (ANA), anti-double-stranded DNA antibodies (anti-dsDNA-Ab), protoplasmic/cytoplasmic antineutrophil cytoplasmic antibodies (p/c ANCA), extractable nuclear antigens (ENA), angiotensin converting enzyme (ACE), interleukin-2 receptor (IL-2R), antiphospholipid Ab, rheumatoid factor (RF), calcium and vitamin B 12 . Lumbar puncture was performed in three patients. Analysis of cerebrospinal fluid (CSF) included determination of total protein, albumin, IgG, IgA, IgM, glucose, lactate, cell count, microbiological and virological analysis and oligoclonal bands. In the first two cases a chest X-ray and CT scan of the chest were added for assessment of typical findings for sarcoidosis. Orbital and brain MRI with gadolinium was performed in all patients. MRI examinations were conducted on a 1.5-Tesla system (Signa LX NV/I).
Case presentations
Case 1 A 26-year-old female public employee was admitted with a relapse of visual loss on the right eye to 25% visual acuity with severe eye pain inhibiting any eye movement. An ON on the same eye was diagnosed 1 and 2 years prior to this admittance. In both cases she suffered from identical symptoms and visual acuity partially recovered after high-dose intravenous (i.v.) methylprednisolone. The clinical work up after the first episode 2 years before included MRI scan of the brain, VEP, CSF analysis and routine blood tests. Aside from a gadolinium enhancement of the right optic nerve, no other lesions suspicious for MS or other chronic inflammatory CNS diseases were present on MRI scans. Routine blood tests and CSF analysis were normal, oligoclonal bands were negative. The VEP showed a prolonged latency on the right eye. After the second relapse 1 year later the clinical work up was repeated and showed identical results. Furthermore MRI scan of the spine and additional laboratory tests including ANA, p/cANCA, anti-dsDNA-Ab, antiphospholipid Ab, RF, ACE, HbA1c, vitamin B12, folic acid, HIV, hepatitis B and C, borrelia, and lues in serum and CSF as well as virology in the CSF were performed without any pathological findings. The MRI performed at the third episode was suggestive for a meningioma or glioma rather than a typical ON ( Figure 1A and B). Therefore, a biopsy including decompression of the optical canal was performed. Surprisingly, the histopathological analysis revealed a granulomatous inflammation typical for sarcoidosis. Further investigations showed no systemic manifestation of sarcoidosis (ACE, calcium, IL-2R, CT scan of the chest) therefore suggesting an isolated neurosarcoidosis. The patient was again treated with steroids and later switched to azathioprine. For the last 2 years, visual acuity remained stable on the right eye and no other symptoms occurred.
Case 2
A 42-year-old mechanical engineer with severe pain on eye movement on both eyes for 2 weeks complained of a progressive reduction of visual acuity. In addition, he suffered from painful joints and neck as well as headache for several years.
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A diagnosis of rheumatoid arthritis (RA) 4 years ago was based on an increased RF and typical joint alterations. Under treatment with prednisolone and methotrexate the joint pain recovered completely, but whenever prednisolone was reduced below 30 mg per day the headache and neck pain worsened. When admitted to the hospital, visual acuity was reduced to 80% on both eyes. Severely painful eye movement and neck pain were the most prominent findings during neurological examination. On brain MRI scan before lumbar puncture, a pachymeningeal gadolinium enhancement and thickening of the meninges was evident (Figure 2A and B ). CSF analysis excluded infectious meningitis and meningeal carcinomatosis, but oligoclonal bands were positive. Immunological parameters were negative except for RF. X-ray and CT scan of the chest and laboratory tests including calcium, ACE and IL-2R were not suggestive for sarcoidosis. The symptoms improved after increasing prednisolone therapy from 20 mg per day to 50 mg per day. An advised meningeal biopsy was refused by the patient. Five months later the patient suffered from a relapse after the prednisolone has been reduced monthly by 5 mg to 25 mg per day. Brain MRI scan again showed the meningeal enhancement and the patient now agreed to a meningeal biopsy. The histopathological analysis showed perivascular infiltrates with lymphocytes, plasma cells and epithelioid histiocytes but no neoplasia, vasculitis, granulomas or infectious agents. The pathological findings were consistent with an idiopathic hypertrophic pachymeningitis that can be associated with RA [Kupersmith et al. 2004] . Despite treatments with methotrexate, azathioprine, infliximab, adalimumab or abatacept it was not possible to reduce prednisolone without reoccurrence of symptoms. At present a treatment with rituximab has been initiated.
Case 3
A 45-year-old male electrician was admitted due to a painless substantial visual loss on the right eye for 4 weeks. He reported that he had noticed a slightly progressive reduction of visual acuity on the right eye around 1.5 years ago. At the time of examination visual acuity was 10% on the right eye without any further signs or symptoms in the neurological examination. Fundoscopy and routine blood tests were normal. Because of the atypical history of slowly progressive painless visual loss over 1.5 years, an orbital and brain MRI scan was performed that revealed an optic nerve sheath meningioma ( Figure 1C and D). Diagnosis was confirmed by optic nerve biopsy. A fractionated stereotactic radiotherapy was performed and resulted in an improvement of visual acuity to 20% that remained stable over the next 2 years.
Case 4
A local ophthalmologist referred a 32-year-old technician to our emergency unit with suspected ON. She suffered from a progressive visual loss on the right eye with painful eye movement for 1 day. She had a history of squint amblyopia on the right eye with a reduced visual acuity to 50%, but had no previous other neurological symptoms. The ophthalmologist found a reduced visual acuity to 15% with decreased colour vision and a diffuse visual field defect. Fundoscopy, routine blood testing as well as further neurological examination were normal. We suggested an ON and arranged a MRI scan to determine the risk of developing MS. Unexpectedly, MRI showed a mucocele of the ethmoid sinus with compression of the right optic nerve ( Figure 3A and B) . The patient was immediately referred to the ear, nose and throat (ENT) department and a surgical decompression of the orbit was performed.
Case 5
A 51-year-old male civil servant was admitted by an ophthalmologist with a sudden visual loss on the right eye on the previous day. Because of a swollen disc on fundoscopy the ophthalmologist suggested an ON. The patient had a history of arterial hypertension, obesity and hypercholesterolemia. Further neurological examination and routine blood tests were normal. No pathological parameters were found in the additional blood tests and CSF. MRI scan showed some white matter lesions suggestive of microangiopathy but no typical lesions for MS or other inflammatory diseases. Morphology of the optic nerves appeared normal on MRI and no pathological contrast enhancement was detected. ECG showed a sinus rhythm and echocardiography was normal. The intima-media thickness (IMT) of the carotid arteries was increased on ultrasound but no stenosis was obvious. Owing to the sudden onset of visual loss without pain, no evidence of inflammation, typical changes of microangiopathy on brain MRI and the presence of cardiovascular risk factors we diagnosed an anterior ischaemic optic neuropathy (AION).
Discussion
Here we have presented five cases of optic neuropathies that were all referred with suspicion of demyelinating ON. In four of the five cases the patient history or the clinical signs revealed aspects that were not typical for ON.
The first two cases demonstrate different causes of noninfectious inflammatory optic neuropathy. An important differential diagnosis of ON are granulomatous optic neuropathies such as sarcoidosis or Wegener's granulomatosis [Montagnac et al. 2009; Graham et al. 1986 ]. Connective tissue disorders such as SLE, RA, SS or systemic vasculitis can all be associated with optic neuropathy [Lin et al. 2009; Chen et al. 2008; Kansu and Kadayifcilar, 2006] . In most patients with connective tissue disorders, sarcoidosis or vasculitis a history of other symptoms of a multisystem disorder can be found, although the inflammatory activity can be, at least initially, restricted to the optic nerve. Typically, these optic neuropathies come along with severe eye pain and progressive visual loss as reported in case 1. The bilateral presentation, absence of spontaneous improvement and prompt recurrence of symptoms after steroid treatment was withdrawn in the second patient are further alerting symptoms atypical for demyelinating ON but more suggestive of other corticosteroid-responsive optic neuropathies (Tables 1 and 2) . Immunological laboratory tests (e.g. ANA, ENA, anti-dsDNA-Ab, p/c ANCA, RF, ACE, antiphospholipid Ab) may lead to the correct differential diagnosis [Cikes et al. 2008; Sastre-Garriga et al. 2001 ]. However, in some cases these parameters were negative not excluding a primary CNS manifestation of connective tissue disorders, sarcoidosis or vasculitis and only a biopsy can reveal the correct diagnosis. On the other hand, some patients present with a comorbidity of both a systemic autoimmune disease together with a demyelinating CNS disease such as MS and neuromyelitis optica (NMO) [Kang et al. 2010; Cooper et al. 2009; Pittock et al. 2008] . In these patients the differentiation between two independent autoimmune disorders or one systemic autoimmune disease with CNS manifestation is sometimes complicated and individual decisions on treatment management have to be considered carefully.
ON also typically occurs in Devic's disease or NMO, a demyelinating autoimmune disease that in contrast to MS primarily affects the optic nerve and spinal cord [Wingerchuk et al. 2006 ]. The clinical presentation of ON in NMO is variable but often occurs bilaterally and recurrently, and visual loss is more severe with less improvement when compared with ON seen in MS. Characteristically, oligoclonal bands are negative and brain MRI is normal in NMO, but spinal MRI shows transverse myelitis often spanning three or more spinal cord segments [Wingerchuk et al. 2007 [Wingerchuk et al. , 2006 . Serum NMO immunoglobulin G Ab (NMO-IgG), that bind to the water-channel protein aquaporin-4, has been recently established as a significant biomarker for NMO. These antibodies are highly specific (>90%) with a sensitivity of approximately 6070% [Wingerchuk et al. 2006; Lennon et al. 2004 ]. The differentiation of NMO from MS is of considerable importance for the long-term treatment, as the established disease-modifying drugs (DMDs) for MS are usually ineffective in NMO. Actually, even a worsening of NMO has been described under the treatment with DMD [Palace et al. 2010; Shimizu et al. 2010] . Controlled clinical trials for the management of NMO are missing but according to the EFNS guidelines on diagnosis and management of NMO an immunosuppressive treatment regime is recommended, e.g. with azathioprine or rituximab as a first-line or with mitoxantrone, cyclophosphamide or mycophenolate mofetil as a second-line therapy [Sellner et al. 2010] .
Autoimmune mediated demyelinating ON may also appear as an isolated optic nerve disorder with one single episode (single isolated ON [SION]) or with relapsing ON (relapsing isolated  ON [RION] ). In patients with SION neither the MRI nor the CSF provide evidence for MS. For these patients the risk of developing MS is estimated to be low if the MRI remains negative for demyelinating white matter lesions over time [Nilsson et al. 2005; Ghezzi et al. 2000; Optic Neuritis Study Group, 1997 ]. The frequency of NMO-IgG in patients with RION differs from 6% to 25%, suggesting that some of these patients have a higher risk to develop NMO and therefore may profit from early immunosuppressive treatment Matiello et al. 2008; Petzold, 2008] . In chronic relapsing inflammatory optic neuropathy (CRION), patients typically suffer from severe, painful and often sequentially bilateral visual loss that is ameliorated by corticosteroids but often relapses after withdrawal of steroids. Comparable to NMO these patients usually require long-term immunosuppression [Kidd et al. 2003 ].
Infections such as syphilis, Lyme disease, tuberculosis, cat-scratch disease, toxoplasmosis or viruses (e.g. herpes, hepatitis A virus or enteroviruses) may also cause optic neuropathies that are characterized with a progressive visual loss and severe optic disc oedema on fundoscopy [Bodaghi and LeHoang, 2000; Karma et al. 1995] . In children postinfectious or postvaccination optic neuropathies and neuroretinitis presenting with swollen optic disc and macular star should also be considered as these conditions usually have a very good prognosis [Ray and Gragoudas, 2001] .
Different kinds of tumours can cause clinical symptoms suggestive of ON due to their compression of the optic nerve. Patients with compressive optic neuropathies caused by metastases Therapeutic Advances in Neurological Disorders 4 (2)
or primary tumours complain of a slowly progressive visual loss without pain and often an atrophy of the optic nerve is evident, comparable to patient 3 with optic nerve sheath meningioma [Eddleman and Liu, 2007] (Table 2) . However, as in case 4, a painful eye movement is sometimes reported in patients with mucoceles [Avery et al. 1983; Rothstein et al. 1984] or arterial aneurysms ON (SION, RION) [Petzold, 2008] ON without signs for other demyelinating CNS disease Chronic relapsing inflammatory optic neuropathy (CRION) [Kidd et al. 2003] Often bilateral, severe and painful visual loss, relapse after withdrawal of steroids Neuromyelitis optica (NMO) [Wingerchuk et al. 2007] ON and transverse myelitis Acute disseminated encephalomyelitis (ADEM) [Tenembaum et al. 2007] Usually monophasic, triggered by infections and vaccination, encephalomyelitis, can be bilateral Connective tissue disorders and vasculitis [Theodoridou and Settas, 2006; Cikes et al. 2008] Worsening of symptoms after withdrawal of steroids [Carroll et al. 2006] Sudden visual loss (AION, PION) , headache, muscle pain, age >50 years, jaw claudication Other inflammatory optic neuropathies Postinfectious and postvaccination Bilateral, often in childhood, good prognosis Neuroretinitis [Ray and Gragoudas, 2001] Swollen optic disc and macular star, spontaneous recovery TolosaHunt syndrome [La Mantia et al. 2006] Painful ophthalmoplegia Infectious optic neuropathies Progressive visual loss with exposure to infectious agent Lyme disease [Karma et al. 1995] Rare, more often occurring at later stages of disease Syphilis Also manifestation as uveitis, retinitis Tuberculosis [Bodaghi and LeHoang, 2000] Rare, more often presenting as choroiditis or uveitis Viral optic neuritis Most frequently associated with herpes Zoster infection Compressive optic neuropathies Painless and progressive visual loss Primary tumours (meningiomas, gliomas, and pituitary tumours) [Eddleman and Liu, 2007] Optic atrophy
Metastases
History of or evidence for primary tumour Thyroid ophthalmopathy [Vardizer et al. 2010] Protrusion of one or both eyes, dry eyes, systemic signs for hyperthyroidism Arterial aneurysms Painful progressive visual loss, general headache Sinus mucoceles History of sinusitis, may be painful and with subacute visual loss Ischemic optic neuropathies [Fontal et al. 2007] Sudden onset of painless visual loss, age >50 years Anterior ischaemic optic neuropathy (AION) Swollen optic disc Posterior ischaemic optic neuropathy (PION)
Optic disc atrophy Diabetic papillopathy History of diabetes, diabetic retinopathy Toxic and nutritional optic neuropathies [Orssaud et al. 2007 [Raps et al. 1993] . Moreover, a thyroid eye disease should be kept in mind as a cause of compressive optic neuropathy [Vardizer et al. 2010] . Conventional and gadolinium-enhanced orbital MRI is the most important diagnostic tool to ascertain an expanding orbital or retroorbital lesion. Nonetheless, as illustrated in case 1, a differentiation between primary tumours and other inflammatory diseases on MRI is not always possible (Figure 1) and a biopsy may be required to make the correct diagnosis.
Patients with ischaemic optic neuropathy typically present with of a sudden onset of visual loss without pain. These patients are usually of older age and have a history of cardiovascular risk factors [Kerr et al. 2009 ]. As reported in case 5, in some patients with AION a swollen optic disc can be assessed (Table 2) , whereas posterior ischaemic optic neuropathy (PION) is characterized by sudden vision loss without disc oedema but subsequent optic disc atrophy [Fontal et al. 2007 ]. In elderly patients, especially when visual loss is associated with eye pain, giant cell arteritis (GCA) should always be considered as differential diagnosis and routine blood testing should include ESR. Ischaemic optic complications appear in approximately 25% of patients suffering from GCA, most frequently presenting as AION [Hernandez- Rodriguez et al. 2007; Salvarani et al. 2005] . In patients with a history of diabetes a diabetic papillopathy may also be a cause of painless visual loss associated with sequential transient disc swelling [Barbera et al. 1996] . In most patients additionally a diabetic retinopathy can be assessed on fundoscopy at presentation.
Other maculopathies and retinopathies could also mimic ON and cause a subacute visual loss. However, these patients typically complain about a slowly progressive, painless visual loss and alterations of the macula or retina are in most cases evident in ophthalmological examination. Posterior scleritis is often also associated with visual loss but in contrast to ON eye pain is the most prominent symptom [Maggioni et al. 2007 ]. The big blind spot syndrome and acute zonal occult outer retinopathy describe other rare ophthalmologic differential diagnosis. Patients typically present with an acute onset of a scotoma associated with photopsia and enlargement of the blind spot [Monson and Smith, 2011] .
In most cases an ophthalmologic examination including detection of visual acuity, colour vision, visual field and fundoscopy can exclude an ocular cause of visual loss. VEP can also help to differentiate between a retinal disease and an optic nerve dysfunction. Even though VEP are not useful to distinguish between different causes of optic neuropathy in the acute phase, they can facilitate to evaluate recovery in followup examination or to identify subclinical optic nerve dysfunctions. Optical coherence tomography (OCT) is a novel method that has been predominantly used in ophthalmologic diseases to evaluate the thickness of the retinal nerve fibre layer (RNFL). Recent data suggest that the RNFL can aid to estimate neurodegeneration in MS and to differentiate between ON in MS and ON in NMO [Jindahra et al. 2010] .
Conclusions
Whenever a patient with suspected ON presents with atypical findings (Table 1) , further investigations should be conducted urgently to rule out other aetiologies such as tumours or other corticosteroid responsive optic neuropathies (Table 2) that require a distinct further management. A clinical workflow for the diagnosis of ON is summarized in Figure 4 . For patients with atypical clinical presentation an orbital and brain MRI with gadolinium is mandatory. If a MRI scan is not possible, a CT scan with contrast should be performed. Additional laboratory tests (Table 3) and CSF analysis can help to reveal infectious causes or optic neuropathies due to connective tissue disorders, granulomatous inflammation or vasculitis. A careful ophthalmologic examination is also recommended to rule out other differential diagnosis and the measurement of VEP can verify an optic nerve dysfunction
In three of our cases only a biopsy revealed the correct diagnosis. Therefore, a biopsy should be considered if additional tests are not capable of revealing a correct diagnosis that may have substantial consequences for further therapeutic management, e.g. with regard to inflammatory causes or tumours.
In those patients with typical clinical presentation of ON, a MRI scan with gadolinium should also be performed to assess the risk for development of MS. According to the McDonald criteria in these patients other diseases have to be ruled out by appropriate laboratory tests ( Figure 4 . Clinical workflow for patients with diagnosis of suspected optic neuritis. *Recommended obligatory and additional blood tests: see Table 3 . CRP, C-reactive protein; CBC, complete blood count; ANA, antinuclear antibody; RF, rheumatoid factor; ACE, angiotensin converting enzyme; Anti-dsDNA Ab, anti-double-stranded DNA antibody; ENA, extractable nuclear antigens; ANCA, protoplasmic/cytoplasmic antineutrophil cytoplasmic antibody; AQP-4 Ab, antibodies against aquaporin 4; Ab, antibody.
applied when the symptoms persist 1014 days after the first therapy. In those patients with no or incomplete recovery after steroid treatment a plasma exchange therapy (PE) may facilitate an improvement of visual function [Trebst et al. 2009; Tumani, 2008] . The initiation of a treatment with DMDs should be discussed in patients with a high risk of developing MS. monosymptomatic optic neuritis. Report of the quality standards subcommittee of the American Academy of Neurology. Am J Ophthalmol 130: 541.
